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 Elec t r i ca l  sys t e ms ,  e spec ia l ly  t he  ve ry  l a rge  sca l e  i n t egra t ed  (VLSI )  c i r cu i t  
sys t ems ,  a r e  bu i l t  w i th  non l inea r  componen t s .  In  o rde r  to  under s t and  the  des ign  
o f  t hese  e l ec t r i ca l  sys t ems ,  a  fundamenta l  unde r s t and ing  o f  non l inea r  c i r cu i t  i s  
necessa ry .  Wi th  the  r ap id  deve lopme nt  o f  i n t eg ra t ed  c i r cu i t s ,  t he  adven t  o f  
power fu l  compute r s  has  p roduced  a  r evo lu t ion  in  the  unde r s t and ing  o f  non l inea r  
dynamica l  sys t e ms .  In  th i s  d i s se r t a t ion ,  t he  s tudy  on  mode l ing ,  ana lys i s  and  
des ign  t echn iques  i s  p re sen ted  fo r  non l inea r  c i r cu i t s  and  sys t ems .  
In  genera l l y ,  s t a t i c  t iming  ana lys i s  (STA)  t echn iques  a re  w ide ly  used  to  
ve r i fy  t he  t iming  behav io r  o f  l a rge  d ig i t a l  des igns .  The  de lay  in  VLSI  c i r cu i t s  
cons i s t s  o f  two  pa r t s ,  one  i s  t he  ga t e  p ropaga t ion  de lay  and  the  o the r  i s  t he  
in t e rconnec t  p ropaga t ion  de lay .  Due  to  the  con t inuous  i mprovemen t s  in  the  
in t eg ra t ed  c i r cu i t  t echno logy ,  t he  f ea tu re  s i zes  in  CMOS in t eg ra t ed  c i r cu i t s  a r e  
sh r ink ing  and  in t e rconnec t  w i re s  a re  becoming  much  th inne r  and  more  
compl i ca t ed .  The  ga te  does  no t  " see"  a l l  t he  capac i t ance  loads  s ince  the  
in t e rconnec t  w i re  r e s i s t ance  sh i e lds  some  capac i t ance .  In  o rde r  to  accura te ly  
mode l  the  d r iv ing  po in t  admi t t ance  o f  RC in t e rconnec t  l oad  a t  t he  ga te  ou tpu t ,  
t he  e f f ec t ive  capac i t ance  Cef f  o f  i n t e rconnec t  l oad  i s  necessa ry  fo r  t i ming  
ana lys i s ,  and  lo t s  o f  r e sea rch  have  been  conduc ted  on  ca lcu la t ing  Cef f .  However ,  
t he  conven t iona l  me thods  a re  inaccura te  o r  ine f f i c i en t  fo r  deep  submic ron  
des igns .  Fur the r more ,  t he  ga t e  s l ew  i s  a l so  in f luenced  s ign i f i can t ly  by  the  
in t e rconnec t  r e s i s t ance .  However ,  t he re  a re  f ew Cef f  a lgo r i thms  p lace d  
emphas i s  on  the  s l ew t i me  a t  t he  ou tpu t  o f  a  ga te  wi th  the  RC load .  The re fore ,  i t  
i s  necessa ry  to  deve lop  the  mode l s  o f  t he  e f fe c t ive  capac i t ance  tha t  can  p red ic t  
bo th  ga te  de lay  and  s l ew accura t e ly .  
In  h igh  speed  d ig i t a l  c i r cu i t  des igns ,  t he  swi t ch ing  speed  o f  ce l l s  i s  
cons ide red  a s  one  o f  t he  mos t  impor t an t  pe r fo rmance  pa rame te r s .  And  the  
ove r shoo t ing  e ff ec t  due  to  the  coup l ing  capac i t ance  has  a  s ign i f i can t  i n f luence  
on  the  ga te  de lay  ca l cu la t ion  in  deep  mic ron /nanomete r  des ign .  Much  o f  
p rev ious  re sea rch  has  addressed  the  i s sue  o f  t he  accura t e  and  e f f i c i en t  de l ay  
mode l ing  o f  CMOS inve r t e r s .  However ,  t he  e f f ec t  o f  i nput -ou tpu t  coup l ing  
capac i t ance  i s  no t  cons ide red  o r  t he  det a i l ed  ana lys i s  about  the  ove r shoo t ing  
e f fec t  i s  no t  g iven  in  t he  conven t iona l  me thods .  The re fo re ,  i t  i s  r equ i red  to  
p re sen t  a  comprehens ive  ana lys i s  i nc luding  the  ove r shoo t ing  e f fec t  fo r  ga te  
de lay  ca l cu la t ion .  
Genera l ly ,  t he  ana log  s imula t ion  based  on  modern  ana log  compute r s  p rov ides  
an  e f f ec t ive  me thod  o f  so lv ing  compl i ca ted  dyna mica l  equa t ions  fo r  non l inea r  
dynamic  sys t ems .  Wi th  inc reas ing ly  s t r i ngen t  emis s ion  s t andards ,  t he  cy l inde r  
a i r - fue l  r a t i o  has  to  be  con t ro l l ed  wi th in  s t r i c t  l imi t s  fo r  r educ ing  exhaus t  
emis s ion .  The  in t ake  man i fo ld  abso lu t e  p res sure  i s  d i r ec t ly  r e l a t ed  to  eng ine  
 l oads .  In  o rde r  t o  ach i eve  the  e s t i ma t ion  o f  the  abso lu te  p res su re  in  r ea l  t ime ,  
the  h igh  accuracy  and  h igh  speed  p rocess ing  ab i l i t y  a re  r equ i r ed  to  s imula t e  t he  
eng ine  in t ake  sys t em,  wh ich  i s  desc r ibed  by  dyna mic  d i f f e ren t i a l  equa t ions .  In  
th i s  d i s se r t a t ion ,  an  ana log  LSI  me thod  i s  p roposed  to  e s t ima te  the  abso lu te  
p res sure  i n  t he  au tomob i l e  i n t ake  ma ni fo ld .   
Ana log  mul t ip l i e r s  a r e  one  o f  the  mos t  wide ly  used  bu i ld ing  b locks  in  ana log  
s igna l  p rocess ing ,  fo r  example  the  ana log  implemen ta t ion  o f  eng ine  con t ro l .  In  
mos t  app l i ca t ions ,  ana log  mul t ip l i e r s  a re  r equ i red  to  o f f e r  h igh  accuracy  and  a  
l a rge  dynamic  r ange  ove r  a  w ide  f r equency  r ange .  However ,  i t  i s  no t  ea sy  to  
r ea l i ze  h igh  pe r fo rmance  fou r  quadran t  ana log  mul t ip l i e r s  i n  MOS process .  
The re fo re ,  i t  i s  necessa ry  to  p ropose  a  h igh  l inea r  fou r -quadran t  CMOS ana log  
mul t ip l i e r  fo r  t he  ana log  implemen ta t ion  o f  eng ine  con t ro l .  
In  th i s  d i s se r t a t ion ,  t he  s tudy  o f  non l inea r  c i r cu i t  ana lys i s  and  mode l ing  fo r  
ve ry  l a rge  sca l e  i n t eg ra t ed  c i r cu i t s  des ign  i s  g iven  inc lud ing  mode l ing  the  
e f fec t i ve  capac i t ance  Cef f  o f  CMOS ga tes  wi th  in t e rconnec t  l oads  and  mode l ing  
the  ove r shoo t ing  e f fec t  fo r  CMOS inve r t e r  i n  submic ron /nanomete r  t echno log ies .  
Moreover ,  i n  th i s  d i s se r t a t ion  the  s tudy  o f  ana log  in t eg ra t ed  c i r cu i t  
imp lemen ta t ion  i s  a l so  examined  fo r  non l inea r  dynamic  sys t ems  o f  au tomobi l e  
eng ine  in t ake  man i fo ld ,  wh i l e  a  h igh ly  l i nea r  CMOS four -quadran t  mul t ip l i e r  i s  
p roposed .   
The  d i s se r t a t ion  i s  o rgan ized  wi th  e igh t  chap te r s  a s  fo l lows :  
In  Chap te r  1 ,  t he  background  and  mot iva t ion  o f  t h i s  d i s se r t a t ion  a re  g iven  
and  the  s t ruc tu re  o f  t h i s  d i s se r t a t ion  i s  shown.   
In  Chap te r  2 ,  an  e f f ec t ive  me thod  o f  In t eg ra t ion  Approx ima t ion  i s  p roposed  
to  ca lcu l a t e  t he  e f f ec t ive  capac i t ance  Cef f  o f  CMOS ga te s  wi th  i n t e r connec t  
l oads .  Compared  wi th  conven t iona l  me thod  based  on  the  two-p i ece  ou tpu t  
wavefo rm,  the  compl i ca t ed  non l inea r  ga t e  ou tpu t  i n  the  p roposed  method  i s  
a s sumed  as  a  p i ece -wi se  l i nea r  (PWL)  wavefo rm.  The  in t roduc t ion  o f  
In t eg ra t ion  Approx ima t ion  r e su l t s  i n  Cef f  be ing  insens i t i ve  t o  ou tpu t  wave form 
shape .  The re fo re ,  t he  p roposed  me thod  can  be  app l i ed  t o  va r ious  ou tpu t  
wavefo rms  o f  CM OS ga tes  wi th  RC-π  l oads .  The  s i mula t ion  r e su l t s  show a  
s ign i f i can t  i mprovemen t  i n  accuracy  wi th  2%,  where  the  conven t iona l  me thod  i s  
abou t  7%.  
In  Chap te r  3 ,  a  nove l  me thod  i s  p roposed  to  ca l cu l a t e  t he  Cef f  o f  i n t e rconnec t  
l oad  fo r  ga t e  s l ew.  F i r s t ly  a  new equa t ion  i s  e s t ab l i shed  fo r  ca l cu la t ing  Cef f  a t  
0 .8Vdd  poin t .  Then  the  In t eg ra t ion  Approx imat ion  me thod  i s  u sed  to  ca l cu la t e  
the  va lue  o f  Cef f  o f  0 .8Vdd  po in t .  Based  on  the  va lue  o f  Cef f  i n  0 .8Vdd  poin t ,  
Cef f  o f  i n t e r connec t  l oad  fo r  ga t e  s l ew i s  ob ta ined .  The  s imu la t ion  r e su l t s  
de mons t r a t e  a  s ign i f i can t  improvemen t  i n  accuracy .  When  the  p roposed  me thod  
 i s  used ,  t he  ave rage  e r ro r  in  e s t i ma t ing  ga te  s l ew i s  1 .71%,  wh ich  i s  much  
sma l l e r  t han  the  me thod  o f  mode l ing  the  in t e rconnec t  l oad  a s  t o t a l  capac i t ance  
wi th  26 .70%.  
In  Chap te r  4 ,  an  ana ly t i c a l  mode l  i s  p roposed  fo r  t he  ove r shoo t ing  e f f ec t  due  
to  the  inpu t - to -ou tpu t  coup l ing  capac i t ance  in  deep  submicron  t echno log ies .  
And  the  de ta i l ed  desc r ip t ion  o f  ove r shoo t ing  e ff ec t  i s  p r e sen ted  inc lud ing  
ove r shoo t ing  t ime ,  ove r shoo t ing  cur ren t  and  ove r shoo t ing  vo l t age .  A l so ,  a  nove l  
a lgo r i thm i s  g iven  to  compute  the  ove rshoo t ing  t ime .  S i mula t ion  r e su l t s  show 
good  agreemen t  wi th  Sp ice  s imula t ions  wi th in  2 .97% er ro r ,  which  i s  much  be t t e r  
t han  the  conven t iona l  me thod  wi th in  34 .4%.   
In  Chap te r  5 ,  an  e f fec t ive  ana ly t i ca l  mode l  i s  p roposed  to  es t ima te  the  
ove r shoo t ing  t ime  in  nanome te r  t echno log ies .  The  p roposed  mode l  i s  p roved  to  
be  in  good  ag reemen t  w i th  the  SPICE s imu la t ion  r e su l t s  w i th in  6 .1% e r ro r ,  
whi l e  t he  r e su l t  o f  t he  conven t iona l  mode l  i s  abou t  40%.  In  r ecen t  t echno log ies ,  
t he  va r i ab i l i t y  o f  c i r cu i t  de l ay  due  to  p rocess  va r i a t ions  has  become  a  
s ign i f i can t  focus .  Thus  in  t h i s  chap te r ,  t he  in f luence  o f  t he  p rocess  va r i ab i l i t y  
on  the  ove r shoo t ing  t ime  i s  a l so  eva lua t ed .  And  based  on  the  eva lua t ion ,  i t  i s  
de r ived  tha t  t he  th resho ld  vo l t age  con t r ibu tes  t he  l a rges t  pa r t  t o  t he  va r i a t ion  o f  
ove r shoo t ing  t ime .  
In  Chap te r  6 ,  t he  ana log  s imula t ion  me thod  i s  p roposed  to  dea l  w i th  the  
non l inea r  dynamic  sys t e ms  fo r  t he  e f f i c i en t  con t ro l  o f  au tomobi l e  eng ine .  
A l so  a  nove l  behav io ra l  c i r cu i t  macromode l  i s  p roposed  based  on  the  
au tomobi le  eng ine  mode l .  Then  by  us ing  the  c i r cu i t  mac romode l ,  t he  ana log  
in t egra t ed  c i r cu i t  imp lementa t ion  i s  p resen ted  fo r  the  eng ine  non l inea r  
dynamic  sys t ems  i nc lud ing  de t a i l ed  c i r cu i t s  such  a s  the  ana log  mul t ip l i e r ,  
ana log  d iv ide r ,  and  ana log  squa re  roo t .  Wi th  the  ana log  in t egra t ed  c i r cu i t ,  t he  
in t ake  man i fo ld  abso lu te  p res su re ,  wh ich  p lays  an  impor t an t  ro l e  fo r  t he  
e f f ec t ive  au tomobi l e  eng ine  con t ro l l ing ,  can  be  accura t e ly  e s t ima ted  o r  
measured  in  r ea l  t ime .   
In  Chap te r  7 ,  a  nove l  four -quadran t  CM OS ana log  mul t ip l i e r  i s  p roposed ,  
wh ich  has  be t t e r  l i nea r i ty  and  a  wide r  dynamic  r ange .  The  main  r eason  fo r  t he  
improved  pe r fo rmance  i s  t he  u t i l i za t ion  o f  bo th  the  ac t ive  f eedback  t echn ique  
and  a  new mul t ip l i e r  conf igu ra t ion .  The  s imula t ion  r e su l t s  show tha t  t he  
p roposed  mul t ip l i e r  can  o f fe r  a  ＋－ 1 .8V  i npu t  dynamic  r ange  fo r  a  ＋－
2 .5V supp ly  vo l t age ,  wh ich  i s  much  wide r  than  the  conven t iona l  CMOS ana log  
mul t ip l i e r s  wi th  on ly  ＋－ 0 .5V and  ＋－ 0 .8V fo r  a  ＋－ 5V power  supp ly .   
I n  Chap te r  8 ,  t he  conc lus ions  o f  th i s  d i s se r t a t i on  a r e  g iven .  
 
